The intra-and intergeneric position of Propionibacterium was determined by comparing reverse transcriptase sequences of 16s ribosomal ribonucleic acid. Propionibacterium jensenii. P. thoenii and P. acidipropionici formed a phylogenetically tight cluster, while P. freudenreichii, P. acnes and P. propionicus were as remotely related among each other as each of them was to the first three species. The genus Propionibacterium represents a well defined taxon that stands isolated among other major groups of the actinomycetes. Its phylogenetic neighbours are the genera Nocardioides and Terrabacter.
The intra-and intergeneric position of Propionibacterium was determined by comparing reverse transcriptase sequences of 16s ribosomal ribonucleic acid. Propionibacterium jensenii. P. thoenii and P. acidipropionici formed a phylogenetically tight cluster, while P. freudenreichii, P. acnes and P. propionicus were as remotely related among each other as each of them was to the first three species. The genus Propionibacterium represents a well defined taxon that stands isolated among other major groups of the actinomycetes. Its phylogenetic neighbours are the genera Nocardioides and Terrabacter.
I N T R O D U C T I O N
Members of the genus Propionibacterium can be divided into two groups on the basis of their habitat (Cummins & Johnson, 1986) . Species of the first group, the so-called 'classical' or 'dairy' propionibacteria, were isolated mainly from cheese and other dairy products. Propionibacterium freudenreichii, P. thoenii. P. acidipropionici and P. jensenii belong to this group. The members of the second group usually occur on human skin and are referred to as 'cutaneous' propionibacteria such as P. acnes, P. avidurn, P. granulosum and P . lymphophilum.
In contrast to their rather uniform menaquinone and fatty acid composition (Fernandez & Collins, 1987; Fernandez et al., 1985) , propionibacteria differ in the chemical composition of the peptidoglycan. Most strains contain LL-diaminopimelic acid ( L L -A~~~) and have glycine as the interpeptide bridge; P. freudenreichii and certain strains of P . acnes and P. avidum contain mesodiaminopimelic acid (meso-A2pm), while P. granulosum has been reported to contain lysine as the diagnostic amino acid (Johnson & Cummins, 1972; Schleifer & Kandler, 1972; Weiss et al., 1981) . The latter organism also differs from other species by its low DNA G + C content (53 mol% versus 59-67 molx).
DNA-DNA hybridization studies (Johnson & Cummins, 1972) gave no indication whether or not Propionibacteriurn constitutes a homogeneous genus. Hybridization values between strains of seven species clustered P. acnes, P. avidum and the more remotely related P. granulosum into one group, P. jensenii, P. thoenii, P. acidipropionici and, more peripherally, P. freudenreichii into a second. Intergroup DNA similqities were only slightly higher than those with more distantly related reference organisms. The relationships between Arachnia propionica and propionibacteria were as low as those separating the two Propionibacterium groups.
Previous phylogenetic studies on two species of Propionibacterium by 16s rRNA cataloguing showed P. freudenreichii and P. acnes to be only remotely related. Nevertheless they formed a separate subline of descent within the actinomycetes branch of Gram-positive eubacteria (Stackebrandt & Woese, 1981) . Based mainly on results of comparative analysis of long 16s rRNA fragments, Arachnia propionica was transferred into Propionibacterium as P. propionicus (Charfreitag et al., 1988) . Here we report on the inter-and intrageneric relationships of six representatives of Propionibacteriurn, including four classical and two cutaneous species. 
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Isolation of 16s rRNA and sequence determination by reverse transcriptase were as described previously (Witt & Stackebrandt, 1988) . Computation of homologies (Felsenstein, 1982) , calculation of K,,, values from homology values (Hori & Osawa, 1979) and construction of an unrooted tree (Fitch & Margoliash, 1967; Queen & Kom, 1984) followed published procedures.
R E S U L T S A N D DISCUSSION
An alignment of the long reverse-transcriptase-generated 16s rRNA fragment from six Propionibacteriurn strains is shown in Fig. 1 . Parts of the sequences of P . freudenreichii, P . acnes and P . propionicus have already been published (Charfreitag et al., 1988) . The most complete sequence is that of P . freudenreichii (1 5 19 nucleotides, corresponding to 98.4% of the Escherichia coli sequence , Brosius et al., 1978) . Most of the other sequences start around position 110 and all end around position 1480. The P . propionicus sequence starts at position 130 and has an unsequenced stretch of 1 13 bases (position 335-447).
Determination of the intrageneric relationships is based on comparison of 1 139 bases covering regions 197-335 and 448-1449. Table 1 shows the homology values calculated for these Fig. 1 . Aligned sequences of P . freudenreichii (P. f.), P . acidipropionici (P. a-p.), P . thoenii (P. t.), P . jensenii (P. j.), P . acnes (P. a.) and P . propionicus (P. p.). Lower-case letters at the 5' terminus of the P . freudenreichii sequence indicate that this information was taken from an RNAase T1 fragment (Stackebrdndt & Woese, 1981) ; N, base composition that could not be determined; -, identical nucleotide composition to the P. freudenreichii sequence; . . ., non-sequenced region; gaps are alignment gaps, except for the 5' region where sequences of five 16s rRNAs start around position 110. regions. Fig. 2 is an unrooted phylogenetic tree derived from evolutionary distance values (K,,, data not shown). With 98.3% homology, P. jensenii and P . thoenii are the most closely related species examined. Together with P . acidipropionici they form a cluster which embraces those classical propionibacteria which contain meso-diaminopimelic acid in their peptidoglycan and ferment sucrose and maltose (Cummins and Johnson, 1986 ). This cluster is well separated from the fourth recognked classical representative of the genus, P.freudenreichii, which also differs in those features mentioned above. The cutaneous species P . propionicus, transferred recently to this genus (Charfreitag et al., 1988) , and P . acnes appear equidistantly related to each other and to P. jieudenreichii. These data do not support the proposal to accommodate P . acnes and related taxa in a separate subgenus Corynejbrmis in the family Corynebacteriaceae (Prevot, 1976) . The phylogenetic structure of the propionibacteria based on comparative analysis of rRNA is in excellent agreement with relationships based on total DNA similarities (Johnson & Cummins, 1972) (Fig. 3) . However, because of the low DNA homology values separating the individual species, the delineation of Propionibacterium to neighbouring genera could not be detected by DNA hybridization. For the determination of the intergeneric relationships, sequences of four strains of Propionibacterium were aligned to those of representatives from 15 actinomycete genera. All invariant positions found within a fragment covering positions 194-1445 (E. coli numbering) were eliminated and homology values (not shown) calculated on a basis of 490 positions. K,,,, values (not shown) were used to generate a tree (Fig. 4) which displays the position of the genus Propionibacteriurn. As already detected from 16s rRNA oligonucleotide catalogues, propionibacteria constitute a major line of descent within the group of Grampositive eubacteria exhibiting a high DNA G + C content (Stackebrandt & Woese, 1981) . In contrast to the former study, propionibacteria are remotely related to members of Nocardioides and Terrabacter tumescens, whose 16s rRNA sequences have been published recently (Collins et al., 1989) . This relationship was not detectable by 16s rRNA cataloguing which included a single species of Nocardiuides and two species of Propionibacterium only. The most obvious common phenotypic character which supports the phylogenetic clustering of propionibacteria with strains of Terrabacter and Nocardioides is the presence of the otherwise rare LL-A,pmglycine peptidoglycan type. The third actinomycete taxon exhibiting this type is the streptomycetes, which represent a separate line of descent (Fig. 4) . This work was financed by a grant of the Gesellschaft fur Biotechnologische Forschung mbH for support of research of relevance for the Deutsche Sammlung von Mikroorganismen.
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